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ABSTRACT

Chemical contamination of biclogical resources is an important problem for resource managers. This study
reports on hody burden levels of several contaminants of concern: polychlorinated biphenyls (PCB), poly-
nuclear aromatic hydrocarbons (PAH) of both petroleum and combustion sources, total petroleum hydrocar-
hons, and seven trace metals (Ag, Cd, Cr, Cu, Ni, Pb, and Zn) in a resource species, the ocean quahog,
collected between Virginia and Nova Scotia. Organic and trace metal contaminants were detected, at low
levels, in all samples examined, with highest levels being generally found in samples from the inner New
York Bight and Rhode Island Sound. The highest PCB and PAH values were 27 and 55 ppb, respectively;
Ag, Cd, and Cr values were generally <5 pglg dry weight; Cu, Ni, and Pbh generally <15 ug/g dry weight
with a few exceptions; and Zn ranged from 50 to 153 ug/g dry weight.

The ocean quahog, Arctica islandica Linné, is a
large, bivalve molluse found on both sides of the
North Atlantic. In the northwestern Atlantic, it oc-
curs from just north of Cape Hatteras, NC, to New-
foundland, Nova Scotia, being most abundant on the
middle to outer continental shelf at depths between
about 30 and 150 m (Merrill et al. 1969). The species
is edible and some commercial harvesting has oc-
curred since 1943 in the Rhode Island area; however,
intensive fishing for this species did not begin until
the 1970s when surf clam, Spisula. solidissima (Dill-
wyn), stocks, an inshore species, were drastically
reduced by overfishing (Ropes 1979).

Arectica islandica generally inhabit silty sand sedi-
ments of the middle to outer continental shelf that
are less influenced by waves and strong currents
than shallower areas, Areas of silty sand are thought
to be at least partially depositional in nature, ie., fine
organic-rich particles tend to accumulate. It is gen-
erally agreed that many chemical pollutants, intro-
duced to the marine environment via impacted estu-
aries and coastal areas, ocean dumping, and atmo-
spheric sources, often are bound te and associated
with fine organic and inorganic particle aggregates,
both in the water column and at the sediment sur-
face. These aggregates ultimately can accumulate
in these natural depositional areas as the results of
some recent studies show that contaminants ap-
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parently are accumulating in silty areas relatively
remote from most possible sources, e.g., organic con-
taminants found south of Cape Cod, MA, in the mid-
dle to outer continental shelf (Boehm 1983a). Some
authors have also reported a trend of increasing sedi-
ment trace metal levels with depth on the Middle
Atlantic shelf (Harris et al. 1977), but the specific
sources of these contaminants are still unknown.
Because A. islandica is a common, sedentary, long-
lived (Thompson et al. 1980) inhabitant of these sil-
ty sands that frequently contain higher levels of con-
taminants than coarser sands, the species may be
particularly susceptible to contamination. Wenzloff
et al. (1979) reported “greater average concentration
of silver, arsenic, cadmium, copper, and zinc
. . .in ocean quahogs than in surf clams” for the Mid-
dle Atlantic. Surf clams are generally found in
shallower, medium sand areas. Thus, A. islandica
may be a good offshore “indicator” species to moni-
tor for trends in marine chemieal pollution. Although
some studies on contaminant body burdens of A.
islandica have been reported (ERCO 19783; Sick
1978, 1981; Wenzloff et al. 1979; Reynolds 1979;
Payne et al. 1982), these studies have been limited
generally to a particular restricted area, have not
examined both types of contaminants or only a few
components of each contaminant class, or have ex-
amined only certain tissues, not whole body levels.
The present study provides body burden data over

*ERCO (Energy Resources Company). 1978. New England
OCS Environmental Benchmark. Draft Final Rep., Vol. I, to US.
Dep. Inter., Bur. Land Manage., Miner. Manage. Serv, 628 p.
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a wide range of this species’ occurrence in the north-
western Atlantic and includes information on or-
ganic, ie, polychlorinated biphenyls (PCB), polynu-
clear aromatic hydrocarbons (PAH) from combustion
and petroleum sources, and bulk levels of the petro-
leum hydrocarbon (PHC) class, and seven trace metal
contaminants. The study includes the first known
set of PCB data for this species.

MATERIALS AND METHODS

Ocean quahog samples were obtained at random
stations from wide areas on the continental shelf of
the northwestern Atlantic (Fig. 1). These were col-
lected from annual, summer hydraulic dredge shell-
fish surveys of NOA A's Northeast Fisheries Center
from 1981 and 1982. At most stations, 10-12
medium-sized clams were selected, as available. Half
of the collection was prepared for organic analysis
by wrapping them in aluminum foil that had been
prewashed with spectral grade acetone followed by
dichloromethane; the remaining half for trace metals
were placed in polyethylene plastic bags. All were
quickly frozen at —~20°C. In certain areas where
there were not sufficient samples at a particular sta-
tion to provide material for both organics and trace
metal analyses, samples were collected at a nearby
station, with similar environmental characteristics,
to complete the collection for the area. These paired
station samples were not intermixed.

Chemical Analysis - Organics

In the laboratory, the thawed whole meats of each
of the five or six individual clams in each station sam-
ple were removed from the shells, pooled, and homo-
genized in a high-speed blender. A 100 g (wet weight)
aliquot was removed from the homogenate and pro-
cessed according to the extraction, fractionation, and
analytical methodology described by Warner (1976),
as modified by Boehm et al. (1982). After aqueous
caustic (0.5N KOH) digestion of the tissue for 12 h,
the digestate was back-extracted three times with
hexane. The hexane extract was concentrated by ro-
tary evaporation, then fractionated on a 5% deacti-
vated alumina/activated silica gel column. The first
eluting fraction from the alumina/silica column (f,)
contained the saturated PHC; the second fraction
(f) contained the PCB and PAH. Quantitation pro-
cedures closely followed those by Boehm (1983b).
PHC factors were quantified using the internal
standard method whereby all peaks are quantified
relative to androstane in the f; fraction and 0-ter-
phenyl in the £, fraction.
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PCBs were quantified relative to the internal
standard tetrazene (2, 3, 5, 6 tetrachloronitroben-
zene). The average relative response factors of two
or three isomers in each of the di-, tri-, tetra-, penta-,
hexa-, hepta- and octachlorobiphenyls groups were
applied to the sum of the peaks in each grouping.
Thus, PCBs were quantified by isomer group rather
than according to the Aroclor4-type quantification
(Duinker et al. 1980, 1983; Boehm 1983b). PHCs
were determined by the total of f; and f, fractions,
as analyzed by high resolution (fused silica capillary)
gas chromatography with flame ionization detection
(GC¥FID). A Hewlett Packard model 5840A gas
chromatograph was used for all GC? deter-
minations. A 30 m fused silica SE-30 (0.25 mm id,;
J and W Scientific) column was used to analyze the
saturated hydrocarbon (f;) fraction. A 80 m SE-52
fused silica column was used to analyze the aroma-
tic/olefinic (f,) fraction by GC*FID and the same
fraction by gas chromatograph/mass spectrometer
(GC/MS) (see below). The f, fractions were analyzed
by GC*ECD (electron capture detection) to obtain
the PCB concentrations. PCBs were analyzed on a
30 m SE-52 fused silica column. The f, fraction was
also analyzed by a Finnegan MAT model 4530
computer-assisted GC/MS system for PAH deter-
minations. GC/MS conditions were as follows: ioniza-
tion voltage, 70 ev: electron multiplier voltage 2,000
volts; scan conditions 45-450 amu at 400 amu/s.

Chemical Analysis - Trace Metals

Whole clams, 5 or 6 per station, were thawed, and
the whole body removed from the shells. Each indivi-
dual clam was weighed in Pyrex beakers and dried
for 16-20 h at 105°C. Twenty mL of 70% trace metal
grade nitric acid were added to each beaker, which
was covered with a Pyrex watch glass and heated
(70° -75°C) on a ceramic hot plate until dry. After
cooling to room temperature, another 20 mL of con-
centrated nitric acid were added and the dissolution
continued. After 3 or 4 repeated acid additions and
evaporations, 10 mL of 30% hydrogen peroxide were
added, the solutions evaporated to near dryness and
removed from the heat. When cooled, samples were
filtered through Whatman #4 filter paper and
brought to a final volume of 25 mL in a Pyrex glass-
stoppered graduated cylinder by adding 5% (w/v) ni-
tric acid. Analysis was performed on a Perkin Elmer
model 5000 atomic absorption (AA) spectrophotom-
eter employing an air-acetylene flame and conven-

4Reference to trade names does not imply endorsement by the
National Marine Fisheries Service, NOAA.
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FIGURE 1—Station locations’ collections of Aretica islandica. Stations 367, 335 and 349 are on the Scotian Shelf at the following coor-
dinates: Station 367 (lat. 43°44'N, long. 61°08'W), Station 835 (43°25'N, 61°42'W) and Station 349 (43°21'N, 61°23'W).

tional AA techniques. Reagent blanks were carried RESULTS
through the same procedure. All reagents used were
of trace metal analytical grade. Deionized water was The analytical results for organic contaminants are

of 18 megohm purity. The National Bureau of Stan- presented in Tables 1 (PHC and PCB) and 2 (PAH).
dards (NBS) SRM 1566, freeze-dried oyster homog- PHC values are given as total saturated and aromatic
enate, was used as the tissue standard. Recoveries hydrocarbons as determined by GC*. PCB values
were at least 80% of this standard in all cases. are given as total tri, tetra, penta- hexa, and hepta-
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TasLE 1.—PHC (petroleum hydrocarbon) and PCB (polychlorinated biphenyl)
levels in northwestern Atlantic Arctica islandica.

Area

v PHC (uglg wet weight)

PCB (ng/g wet weight)

station  Saturated Aromatic Total Cl; Cl, Cl; Clg Cl, Total
Inshore New York Bight
22 0.2 1.3 1.5 48 51 16 44 02 161
26 6.0 0.9 6.9 04 03 02 05 01 15
27 0.4 038 1.2 72 28 16 1.8 <0.1 134
28 0.2 0.9 1.1 67 42 26 65 01 202
32 3.2 4.1 7.3 54 51 41 107 07 268
47 <0.1 0.2 0.2 11 04 01 03 — 1.9
59 3.1 15 46 34 36 30 57 05 164
Offshore NJVA
77 1.7 0.7 24 56 1.2 29 23 03 122
107 0.2 0.8 1.0 80 1.7 08 28 02 133
168 0.2 1.1 1.3 23 13 10 35 05 85
173 0.4 0.5 0.9 44 45 13 34 — 140
174 1.0 0.3 1.3 26 08 04 15 <01 55
224 17 0.2 1.9 23 15 05 05 <01 49
Inshore S. New England
237 0.1 0.8 0.9 10 06 <0.1 <01 — 1.7
246 1.2 0.4 1.6 20 28 22 15 — 85
244 2.2 1.3 3.5 49 95 23 38 — 204
261 20 0.4 24 34 35 2t 31 <01 121
239 29 1.1 4.0 14 21 16 19 <01 70
240 28 0.9 3.7 22 26 27 35 <01 110
241 23 1.6 3.9 41 66 62 63 02 232
242 1.9 1.8 3.7 29 46 59 65 02 201
Georges Bank
379 0.8 1.1 1.9 07 12 09 10 <01 38
Scotian Shelf
367 0.6 0.2 0.8 08 05 04 03 03 22
335 11 0.1 1.2 09 04 05 23 0.1 42
349 4.5 0.6 5.1 08 09 04 01 — 2.2

chlorobiphenyls (Cly-Cl,), as well as total PCB. PAH
values are presented as individual compounds (e.g.,
napthalene) or as homologous series (ZN). Table 3
lists the mean trace metal concentrations and stan-
dard deviations; data are presented on a dry weight
basis to simplify comparisons with other studies.

DISCUSSION

PCB levels observed in this survey ranged from
2 to 30 ng/g (ppb) wet weight (Table 1). These values
are in general agreement with other data reported
for PCB levels in other coastal bivalves (Giam et al.
1976; Goldberg 1978; Gadbois 1982), but are lower
than those (to 400 ppb) reported for estuarine spe-
cies (Goldberg 1978; MacLeod et al. 1981; O’Connor
et al. 1982; ERCO 1983). However, we have found
little data on PCB levels in offshore molluses nor any
other data on PCB levels in A. islandica for compari-
son. None of the A. islandica levels approach the cur-
rent 2 ppm (= 2,000 ppb) U.S. Food and Drug Ad-
ministration (FDA) “seafood action limit” for human
consumption.

In spite of the wide geographical range sampled,
PCB levels were relatively uniform with only an
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order of magnitude difference between the high and
low values. Clearly the Georges Bank (station 379)
and remote Nova Scotia (stations 367, 335, 349)
ocean quahogs were minimally contaminated, with
their levels (2-5 ppb) reflecting the global PCB trans-
port phenomena. The ocean quahogs in the near-
shore New York Bight, Rhode Island Sound, and
Buzzards Bay were more contaminated, with values
up to 25 ppb. It is not surprising as previous biogeo-
chemical studies in the western North Atlantic have
clearly shown that several major urban pollutant
sources influence the nearshore environment. For
example, inputs of PCBs are specifically known to
occur in the New York Bight, from esturine fluxes
and via direct ocean dumping (Boehm 1983b) and
in Buzzards Bay, MA, from industrial inputs to the
New Bedford Harbor region (Weaver 1982). Some-
what surprising were the elevated levels at some sta-
tions on the outer New Jersey shelf (12-16 ppb) and
in the Hudson Canyon area (20 ppb). Offshore trans-
port of PCB material towards these stations via
riverine fluxes followed by southerly transport along
the New Jersey shore and down-canyon transport
of ocean-dumped material are possible modes of
transport to these stations (Boehm 1983b).
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TaBLE 2—PAH (polynuclear aromatic hydrocarbon) levels in northwestern Atlantic
Arctica islandica (nglg wet weight).

Area
and
staion N 3N P 3P 3DBT 3F 3202 5228 3252 B(a)P =PAH PPI'
Inshore New York Bight
22 nd nd 40119 20 12 55 1.1 <1 <1 23 40
26 nd nd 11 11 nd nd 11 nd nd nd 33 0
27 10 45 21 91 27 12 27 <1 <1 nd 22 54
28 91 120 13 52 <1 nd i8 nd nd nd 20 72
32 nd nd 39124 nd nd 111 141 173 6.0 55 7
47 43 51 29 29 nd nd 31 30 40 20 18 28
59 10 53 10 115 «1 nd 15 <1 nd nd 20 77
Offshore NJ-VA
77 <1 37 33 982 <1 10 24 <1 nd nd 18 65
107 <1 6.7 25100 25 35 15 <1 <1 nd 26 77
168 nd nd 18 18 nd nd 24 nd nd nd 42 0O
173 13 59 18 62 13 20 23 <1 nd nd 19 72
174 <1 40 10 50 <1 nd 40 10 10 nd 16 56
224 14 61 20 78 21 15 13 <1 <1 <1 21 74
Mud Patch
237 <1 «1 28 5.0 <1 nd 57 37 54 25 19 31
246 nd 119 22115 10 13 33 nd nd nd 29 81
Inshore S. New England
244 nd nd nd nd 2.4 nd 1.7 <1 <1 <1 6.1 39
261 nd nd 36 92 <1 <1 33 nd nd nd 15 51
239 nd nd 16 19 nd nd 29 «1 12 <1 70 4
240 <1 33 18 58 <1 <1 28 <1 <1 <1 16 51
241 nd nd nd 50 nd nd 40 10 10 <1 12 42
242 nd nd <1 <1 nd nd 15 nd nd nd 25 40
Georges Bank
379 nd nd <1 <1 nd nd <1 nd nd nd <1 0
Scotian Shelf
37 10 10 15 15 nd nd i1 nd nd nd 36 28
335 nd nd nd nd nd nd nd nd nd nd nd 0
349 43 51 29 29 nd nd 31 30 40 20 18 28
Wet weight concentrations = dry weight concentration = 7.
N = naphthalene.
IN = total naphthalenes (C,-C,).
P = phenanthrene.
ZP = total phenanthrenes (C,-C,).

ZDBT = total dibenzothiophenes (C,-C,).
IF = total fluorenes (C,-C,).

3202 = fluoranthene + pyrene.

3228 = benzanthracene + chrysene.

3252 = benzofluoranthenes + benzopyrenes.

B(a)P = benzo(a)pyrene.
nd = not detected (<1 ng/g wet weight).

PPI

3N + 3DBT + (ZP-P) + 3F

= percent petroleum index =

ZPAH
ZPAH =3N + 3P + 3DBT + 3F + 2202 + 3252 + 3228

1From Boehm (1983a).

Trends in the PHC and PAH data reveal large-scale
homogeneity in the concentrations observed. PAH
levels ranged from nondetectable to 55 ppb, the high-
est values occurring at the station 32 samples from
the New York Bight, where the highest PCB level
(27 ppb) was also observed. Although our sampling
on Georges Bank consisted of only one station,
results were similar to those of a more extensive
study by Payne et al. (1982), the only other study
of A. islandica we could locate that includes PHC
data. If the entire Northeast region is considered a
sample set, then the PAH values were 16.7 + 12.0.
However, the composition of the PAH which com-

prises the total PAH number varied considerably,
ranging from 0 to 81% “petroleum” PAH (Table 2).
The percent petroleum index (PPI), developed by
Boehm (19834, b), estimates the relative contribu-
tions of uncombusted fossil fuels, eg., petroleum, and
from combustion sources to the total PAH assem-
blage. This indice, presented in Table 2, is based on
the relative abundance of petroleum constituents,
such as naphthalene, flourenes, dibenzothiophenes,
and alkylated phenanthrenes, to the total PAH mix.
The differences in PPI values for the various samples
cannot, at this time, be ascribed to specific trans-
port or selective uptake factors. However, a knowl-
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TABLE 3.—Arctica islandica trace metal body burdens (mean and standard deviation, ug/g-dry weight)
in areas of the northwest Atlantic; N = number of individual clams examined at each site. Results of
analysis of SRM 1566 are also included; 5-8 NBS (National Bureau of Standards) samples were ex-
amined for each metal (hd = nondetectable).

Area
and
station N

Ag cd Cr Cu Ni Pb Zn
X +SD X +SD X +SD X +SD X +8D X +SD X +SD

Georges Bank

379 6 079 0.25 1.36 0.33 3.07 1.38 10.30 2.22 346 1.17 4.08 207 61.8 114
Nantucket

245 5 0.96 009 275 066 298 083 725 1.41 954 381 5.02 221 883 21.3
S. New Engiand

237 ©6 2.65 2.08 3.22 065 272 0.65 12.76 3.30 27.19 8.18 ©6.90 1.87 1539 87.6

181 6 1.14 095 349 1.39 224 023 11.70 297 2184 7.22 11.03 4.48 124.7 30.8

244 6 056 0.14 1.36 047 2.19 1.02 6.49 329 447 1.75 299 1.33 841 25.7
Rhode Island Sound

238 6 079 0.25 1.36 0.33 3.07 1.38 10.30 222 3.46 1.17 4.08 2.07 618 114

240 6 1.76 065 1.39 048 4.02 1.26 11.47 292 6.28 1.61 6.71 251 874 128

241 6 159 093 0.96 0.14 3.96 2.23 1247 3.80 583 242 461 1.71 126.3 554
Block Island Sound

261 6 153 1.82 1.94 0.68 4.56 0.33 10.22 1.55 11.64 3.28 10.17 248 101.9 326
S. Long Island

189 6 0.74 060 2.48 063 1.88 059 878 094 1873 475 3.30 0.80 128.4 35.2

23 6 1.18 0.53 2.17 0.67 1.09 0.19 10.31 3.27 17.28 6.07 3.41 1.12 120.2 19.6

26 6 084 045 143 056 547 122 1578 583 9.87 2.73 866 3.25 117.6 35.7

29 6 5.25 1.64 1.06 029 4.78 3.35 13.65 3.20 8.93 5.06 9.67 4.11 100.7 49.9
New Jersey Shelf

32 6 052 026 0.67 035 2.38 0.20 8.16 538 4.47 290 346 224 50.2 22.0

47 65 053 0.36 1.20 042 1.46 0.83 837 249 9.87 5.09 3.11 0.87 84.1 31.8

59 3 0.44 0.15 0.23 0.05 0.90 0.09 6.01 1.37 6.01 1.68 164 0.28 622 18.8

174 6 1.50 091 2.19 093 187 065 4.08 082 7.79 270 4.16 1.60 508 6.0

224 6 0.46 0.13 3.06 091 1.78 043 5.63 1.02 1491 6.92 560 223 91.9 33.9
Delmarva Shelf

107 6 0.39 0.25 1.87 0.62 244 0.90 4.16 1.02 10.27 252 4.80 2.77 589 14.2
173 5 044 030 234 154 162 048 4.46 1.76 11.14 494 435 232 61.4 26.2
171 6 0.51 012 166 056 1.71 0.44 525 1.57 1091 3.21 355 1.09 758 31.8
167 6 0.52 029 159 048 1.98 0.56 7.04 436 945 420 354 1.21 762 434
168 5 222 136 3.08 1.03 238 068 5.19 1.79 13.74 534 6.51 257 746 14.8
123 6 240 168 253 0.58 3.34 1.01 498 1.16 14.13 3.95 591 1.58 779 20.6
165 5 0.54 0.36 2.09 0.68 2.36 0.78 6.44 239 1148 478 4.35 2.21 744 285

NBS SRM 1566
— 8 071024 286 0.19 1.07 0.52

4950 400 1.72 035 nd — 772.0 53.0

edge of a baseline PPI value can be important for
discerning the source of any change in contaminant
levels in benthic animals.

In a similar manner, the PCB value has been
separated, by virtue of the use of capillary GC, into
isometric groupings (Table 1). Again, there were dif-
ferences in PCB composition between samples. For
example, samples from stations 22, 28, 32, and 244
were largely comprised of tri-, tetra-, and hexachloro
PCB isomers, while those from stations 107 and 27
contained significantly greater quantities of the tri-
chlorobiphenyls. Aroclor 1016 and 1242 contain pro-
portionately more of the Cl; to Cl, isomers while
Aroclor 1254 contains a greater abundance of Cl,
to Cl; isomers. In the future, it may be possible to
ascribe the differences in the PCB composition in
animals to possible sources through -capillary
GC/ECD measurements.

Highest trace metal concentrations in A. islandica
varied from metal to metal (Table 3); however, high-
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est mean Ag, Cr, Cu, and Pb concentrations were
found in New York Bight (stations 26 and 29), while
Ni and Zn were highest in the “Mud Patch” (stations
181 and 237) with the highest Cd values off Dela-
ware (Table 3). Lowest concentrations, overall, were
observed at midshelf stations off New Jersey and
Maryland (with the exception of stations 167, 168,
and 123 that could have been influenced by dump-
ing at a nearby dumpsite) and station 379, on
Georges Bank. Comparison of these data with those
of Wenzloff et al. (1979), who analyzed metals in
ocean quahogs from the New York Bight to an area
off Chesapeake Bay, was attempted for temporal
trends. Unfortunately, the Wenzloff et al. (1979) data
were obtained from only foot muscle composites of
5 or 6 quahogs at each station, reported as means
of all composites per half degree of latitude; hence,
a direct comparison was not possible. The geogra-
phic pattern, a decrease in metal concentrations with
latitude believed present in the Middle Atlantic Bight
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by Wenzloff et al. (1979), was not apparent from the
present data or from the studies summarized in Table
4. Results of other studies involving whole body anal-
ysis (Table 4) suggest that Cd, Ni, and Zn could also
be high on Georges Bank; otherwise, the values pre-
sented do not support any consistent latitudinal
trends.

Results indicate, however, on a local level, elevated
trace metal levels were also usually associated with
known areas of inputs, eg., waste dumpsites or ad-
jacent to heavily industrialized coastal areas, such
as the New York Bight apex (station 29), or natural
depositional areas where trace metals from unknown
sources are apparently accumulating, e.g., the “Mud
Patch” (stations 181, 237).

The uptake and accumulation of trace metals by
marine organisms are known to be affected by a
number of variables. These variables include season,
age, size, temperature, and interactive effects of
several metals (Phillips 1977), and can be sources of
some of the variability shown between the results
of studies in the same area. Methodology is another
source of variability between the results of each
study, especially when intercalibrated results with
standards are not available. It is interesting to note
that an expected close correlation between trace
metal levels in the sediment and in A. islandica
tissues was not evident in at least one study (Rey-
nolds 1979), suggesting that the water and food or

other suspended material could be the primary
source of contaminants to this filter-feeding species.
In conclusion, a set of measurements of several
organic and seven trace metal contaminant levels in
the commercially valuable ocean quahog have been
obtained from a wide range of northwestern Atlan-
tic locations. This set can be used as a base to moni-
tor long-term changes in the assimilated levels and
distributions of these compounds in this species and
the risk to its health of future use as food. The levels
found were well below the FDA seafood action limit,
but elevated values were associated with impacted
coastal habitats and possibly waste dumpsites.

ACKNOWLEDGMENTS

This study would not have been possible without
the generous cooperation of the Northeast Fisheries
Center’s Resource Survey Group, specifically Thom-
as Azarovitz, Charles Byrne, Donald Fletcher, Mal-
colm Silverman, and others, who supplied us with
the samples from annual clam assessment surveys.
We also express our thanks to John B. Pearce and
John O’Reilly for their support, and to Catherine
Noonan, Maureen Montone, and Michele Cox for
their assistance in preparing the manuscript. The
paper was improved significantly from the comments
of Donald Gadbois, Richard Greig, Carl Sindermann,
Robert Reid, and unidentified reviewers. Funding for

TABLE 4.—Comparison of mean trace metals levels (ug g~' dry wt.) in Arctica islan-
dica of the northwest Atlantic.

Area and reference

Ag Cd

Cr Cu Ni Pb 2Zn Tissue type

Georges Bank-Nantucket

Sick (1978) 0.1 11
Erco (1978) 5.1
Payne et al. (1982) 45
Present study - stn. 379 08 1.4
Block Island Sound
Steimle et al. (1976) 1.8
Rogerson and Galloway
(1979)" 1.4
Present study - stn. 261 19
Southern Long Island
Guarimo et al. (1979)1 3.0
Present study - stn. 189 2.5
New York Bight
Wenzloff et al. (1979)! 15.8 3.5
Sick (1981) 07 7.9
Present study - stn. 23,
26, 29, 32, 47 1.7 13
Off Delaware
Reynolds (1979) 2.4
Present study - stn. 123,
167, 168 2.4
Chesapeak Bight
Wenzloff et al. (1979)1 9.3 3.3
Present study - stn. 107
and south 1.0 2.2

<75 43.2 <60 9.8

<8.0 346 <4.7 85

0.9
39 76
1.7 5.4
3.1 103

3.5 124 0.35
21.0 1.00
27.0 3.50

35 441

252 Whole body
260 Whole body
150 Whole body
62 Whole body
31 18.0 18.0 183 Whole body

8.1 23
46 10

11.8 10.2
11.6 10.2

138 Whole body
102 Whole body

17.4
8.8

27.9 141
18.7 3.3

122 ?
128 Whole body

107 Foot muscle

6.3 “muscle”

11.3 10.1 57 95 Whole body

77 90 Whole body

5.7 124 Whole body

98 Foot muscle

23 54 116 4.7 71 Whole body

10riginal wet weight data converted into dry weight by multiplying by 8.
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chemical analyses was provided, in part, by NOAA’s
Northeast Monitoring Program.
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